Background. Freezing of gait (FOG) is a disabling impairment for people with Parkinson's disease (PD) and may not respond to medications. The effectiveness of physical therapy for FOG is debatable. Action observation strategies to overcome FOG may enhance physical training. Objective. To assess whether action observation, combined with practicing the observed actions, may reduce FOG episodes. Methods. Twenty patients with PD entered a single-blind trial and were randomly assigned to the experimental (Action) or control (Landscape) groups. Those in the Action group watched video clips showing specific movements and strategies to circumvent FOG episodes, whereas those in the Landscape group watched video clips of static pictures showing different landscapes. All patients underwent identical physical therapy training, 3 sessions a week for 4 weeks. Results. The FOG Questionnaire score and the number of FOG episodes were significantly reduced in both groups after the training period. At follow-up examination (4 weeks after the end of the intervention), a significant reduction in the number of FOG episodes was observed only in the Action group. Motor performance (walking and balance) and quality-of-life assessments were significantly improved in both groups at the end of training and at follow-up. Conclusions. Our results suggest that action observation has a positive additional effect on recovery of walking ability in PD patients with FOG. Further studies on the combination of observation and imitation to supplement a physical training program may result in an innovative rehabilitative approach for FOG.
Introduction
Patients with Parkinson's disease (PD) frequently experience freezing of gait (FOG)-that is, an episodic inability (lasting seconds) to generate effective stepping in the absence of any known cause other than parkinsonism or high-level gait disorder. 1 FOG is most commonly experienced during turning or step initiation and triggered or exacerbated by environmental factors such as narrow spaces, stressful situations, and anxiety. FOG is highly distressing and significantly correlated with an increased risk of falls and injuries. 2, 3 Therefore, those with PD who experience freezing episodes have been reported to have restricted outside walking and physical activity, leading to a consequent reduction in everyday activities and a negative impact on quality of life (QoL). 4 It has been suggested that in patients with PD, a constant regimen of physical therapy may improve balance and walking parameters to help prevent falls and improve QoL. 5 More specifically, cueing, by applying temporal or spatial external stimuli associated with the initiation and ongoing facilitation of motor activity, 6 and attentional strategies are used in clinical practice to circumvent freezing episodes. However, scientific evidence demonstrating that freezing is consistently reduced by cues is still lacking. 7 Moreover, in patients with FOG at a time of attentional overload, the therapeutic window and the practical applicability of cueing seems more limited. 8 Therefore, FOG remains a difficult rehabilitation problem to manage.
Action observation can enhance the beneficial effects of motor training on motor memory formation after stroke. 9 In fact, cortical motor areas are recruited not only during actual execution but also during mental rehearsal ("motor imagery") or simply during observation of motor activities in healthy people. 10, 11 In humans, action observation activates the same motor cortical representations that are involved in the actual performance of the observed actions 12, 13 in a somatotopic manner. 14 Action observation may play a role in imitation learning and motor control relearning, possibly through the mirror neuron system. 15 Whereas motor imagery has been useful in sport practice and rehabilitation, 16 action observation combined with physical therapy needs to be tested as a potential tool in neurorehabilitation for patients with PD. Preliminary results obtained in stroke patients showed that this strategy can enhance the beneficial effects of motor training 17 and intensive practice of observed actions provided a significant improvement of motor functions by reactivation of motor areas. 9 The aim of this pilot study was to assess through the implementation of a randomized controlled trial whether action observation combined with practicing the observed actions would improve FOG episodes in patients with PD. A secondary aim was to evaluate the effect of this type of training on walking performance and QoL as measured by standard functional scales.
Methods Patients
A total of 20 patients (8 women and 12 men, aged 59-81 years; mean ± standard deviation = 68.9 ± 5.5 years) with idiopathic PD, according to the United Kingdom Parkinson's Disease Society Brain Bank criteria 18 were recruited from the outpatient Movement Disorders Clinic of the University of Genoa. All of them were on a stable medication regimen. They were specifically selected because they were mobile despite marked FOG, according to the following inclusion criteria: occurrence of freezing at least once a week (minimum score of 2 on item 3 of the FOG Questionnaire, FOG-Q) 19 and for at least 2 s (minimum score of 1 on item 4 of FOG-Q). Mini-Mental Status Examination scores had to exceed 24 for inclusion. Disease severity was determined by means of the Unified Parkinson's Disease Rating Scale (UPDRS-Part III Motor) and the Hoehn and Yahr scale. Two patients were subsequently excluded because they were found to have a past history of neurological conditions other than PD or implantation for deep brain stimulation. All participants were naïve to the true aim of the experiments, and the study was conducted in accordance with the Declaration of Helsinki after informed consent was received.
Experimental Design
At the time of enrolment, patients were randomly assigned to the experimental (labeled "Action") or control (labeled "Landscape") groups by a computerized random-number generator performed by an independent researcher. All patients underwent a 60-minute physical therapy training for 3 sessions a week for 4 weeks. This intensity/duration of treatment corresponded to the one usually adopted in the rehabilitation of patients with PD. Each session started with the observation of video clips projected on a large computer screen that was positioned 150 cm in front of the participants.
Those in the Action group were instructed to carefully watch 6 video clips (each clip lasting 6 minutes) showing strategies useful in circumventing FOG episodes. During each training session 2 video clips (with different sequences of actions) were presented twice. The complexity of movements progressively increased from simple actions to more complex movements. The specific content of each video clip is reported in the Appendix. All actions shown in the video clips were performed by a physical therapist.
To ensure proper attention during the video presentation, patients were explicitly asked to concentrate on how the actions were performed and were not allowed to imitate any movement. After video clip observation, patients were asked to practice (for the remaining time of the session-36 minutes) the observed actions repetitively and accurately according to the instructions of the physical therapist. They were not allowed to take the videos home.
Those in the landscape group matched the experimental protocol, with the only exception that during each training session they watched 2 video clips (presented twice) containing sequences of static pictures of mountains and seaside, countryside, and desert scenes without any living (human or animal) representations. During training sessions, patients in the Landscape group performed the same movements/ actions used for the Action group following the physical therapist's instructions, in the exact order and for the same amount of time. Patients in both groups were continuously encouraged and corrected by the therapist during action performance. Great care was taken to ensure that the intervention was equal across groups and that the same therapist was involved in the treatment of both groups.
Outcome Measures
FOG Questionnaire and FOG diary. Freezing episodes were monitored by means of the FOG-Q and the "FOG diary." FOG-Q is a 6-item questionnaire that has been shown to be a valid and reliable outcome measure in patients with PD. 20 The "FOG diary" is a monthly calendar, in which all participants were instructed to record, for every single day, the number of freezing episodes in the following circumstances: at the start of walking (SW), at a turn (T), and when negotiating obstacles (O; that is, narrow spaces, doorways, and other obstructions). Patients and their caregivers were carefully instructed on what was meant by a freezing episode 21 and how to complete the diary, and the physical therapist verified that the diary was updated each week.
Motor performance and quality of life. Walking performance was evaluated with the Timed Up and Go Test (TUG), the 10-meter walking test (10M-WT), and the Tinetti Scale (part I). The Berg Balance Scale (BBS) and the Tinetti Scale (part II) were used to evaluate static and dynamic balance performance. The 39-item PD questionnaire (PDQ-39) was used to assess QoL. 22 Patients' evaluation was performed by a blinded rater, unaware of group allocation. The outcome measures were tested before the physical therapy program (PRE), 2 days after the end of the entire cycle of 12 training sessions (POST), and 4 weeks later (FU-w4).
Data obtained from the FOG diary were separately averaged every week for each condition (start walking, turn, and obstacles), and the total number of FOG episodes was also calculated. The testing was performed before training (PRE; patients were asked to fill the diary during the week preceding training), at the end of training (POST), and at the end of every week during the follow-up period (FU-w1, FU-w2, FU-w3, and FU-w4). During the follow-up period participants were allowed to continue their customary motor activities; however, they were asked not to practice or undertake any specific physical therapy. Patients were always tested at the time of their optimal antiparkinsonian medication ("on" phase), and no change in medication was permitted during the study period.
Statistical Analysis
Data at baseline were analyzed for normality according to the Shapiro-Wilk test. To assess differences between the 2 groups, we used an unpaired t test for the data with normal distribution. Otherwise, a Mann-Whitney test was used. To evaluate the changes in the outcome measures (FOG-Q, TUG, 10M-WT, and BBS), a repeated-measure analysis of variance (RM-ANOVA) was performed with Group (Action and Landscape) as a between-subject factor and Testing Time (PRE, POST, FU-w4) as a within-subject factor. For data without a normal distribution (Tinetti parts I and II, PDQ-39) the Friedman's ANOVA test was used for withingroup analysis, whereas the Mann-Whitney test was used for between-group comparison. To analyze data from the FOG diary, a RM-ANOVA was used with Group (Action and Landscape) as between-subject factor and Testing Time (PRE, POST, FU-w1, FU-w2, FU-w3, and FU-w4) as withinsubject factor. We performed an analysis of both the mean total number of FOG episodes and of each condition separately (start walking, turn, and obstacles).When the RM-ANOVA showed a significant interaction effect (P < .05), the post hoc Newman-Keuls test was used to assess significant differences among groups and testing times. In addition, the effect size of the differences between the 2 groups was calculated using the Cohen's d test. Statistical analyses were performed using STATISTICA release 7.1 software package.
Results

Patients' Characteristics
Nine patients were randomly assigned to the experimental group (Action) and 9 patients to the control group (Landscape). They all successfully completed the 4-week training program and attended the follow-up. The main demographic and clinical characteristics of the study population are summarized in Table 1 . At baseline, no significant differences in the demographic and clinical characteristics were detected between the 2 groups (P > .05) or for freezing (FOG-Q and FOG-diary), motor performance (TUG, 10M-WT, Tinetti parts I and II, BBS), and QoL (PDQ-39). 
Evaluation of Freezing
As shown in Figure 1 , the mean score of the FOG-Q was significantly reduced in both groups at the end of the physical therapy program (POST) and at the follow-up examination (RM-ANOVA; Action group: F(2, 16) = 58.9, P < .001; Landscape group: F(2, 16) = 15.8, P < .001; Table 2 ). RM-ANOVA showed no significant effect of Group but a main effect of Testing Time [F(2, 32) = 63.0; P < .001] and a significant Group × Testing Time interaction (RM-ANOVA: F(2, 32) = 6.89; P < .001). The post hoc analysis did not show a significant difference at the end of treatment (P > .05), although there was a tendency for a reduced FOG-Q score in the Action group (Cohen's test: medium-sized effect, d = 0.7). At FU examination, the mean score of the FOG-Q was significantly lower (P < .05) in the Action group than in the Landscape group (Cohen's test: large-sized effect, d = 1.1). Figure 2A , the mean total number of FOG episodes (as derived from the FOG diary data) was significantly reduced in both groups with a different time course in the 2 groups.
As shown in
RM-ANOVA revealed no effect of Group but a main effect of Testing Time [F(5, 80) = 20.52; P < .001] and a significant Group × Testing Time interaction [F(5, 80) = 6.83; P < .001). Post hoc analysis showed that in the Action group, the value from the FOG diary obtained at baseline (PRE) was significantly different from that obtained at all the follow-up testing times (POST, FU-w1, FU-w2, FU-w3, FU-w4; P always < .001). In contrast, in the Landscape group, the number of FOG episodes at baseline (PRE) was significantly different only from that after rehabilitation (POST) and at FU-w1 (P always < .001). Further post hoc analysis showed that at the testing time FU-w4, the number of FOG episodes in the Action group was significantly lower than that in the Landscape group (P < .05). These results were confirmed by Cohen's test showing an increase from a small-sized effect for FU-w1 and FU-w2 (d = 0.2) to a medium-sized effect for FU-w3 (d = 0.6) and a large-sized effect at FU-w4 (d = 0.8).
When the specific analysis of the different conditions (start walking, turning, and obstacles) was performed separately ( Figures 2B-2D ), we found a main effect of Time for the condition start walking [F(5, 80) = 13.17; P < .001] and a significant Group × Testing Time interaction [F(5, 80) = 7.9; P < .001]. Post hoc analysis showed that the baseline (PRE) number of FOG episodes at the start walking condition in the Action group was significantly higher than those at POST, FU-w1, FU-w2, FU-w3, and FU-w4 intervals (P always < .001), whereas in the Landscape group, the baseline value was significantly higher only from that recorded immediately after the rehabilitation protocol (POST: P < .05). Further post hoc analysis revealed that both at FU-w3 and FU-w4, the number of FOG episodes at start walking was significantly lower in the Action group (P < .05).
Similarly, for the turning condition, a main effect of Testing Time [F(5, 80) = 9.79; P < .001] and a significant Group Testing Time interaction [RM-ANOVA: F(5, 80) = 4.9; P < .001] was shown. The baseline (PRE) value of turning was significantly different from values recorded at POST, FU-w1, FU-w2, FU-w3, and FU-w4 (P always < .001) in the Action group, but only from values recorded at POST and the FU-w1 (P < .05) in the Landscape group. RM-ANOVA for the condition obstacles showed a main effect of Testing Time [F(5, 80) = 11.7; P < .001] but without any significant Group × Testing Time interaction.
Evaluation of Motor Performance and Quality of Life
Walking (TUG, 10M-WT, Tinetti part I) and balance (BBS, Tinetti part II) tests, as well as the PDQ-39, were significantly improved in both groups after training and at follow-up 
Discussion
The results of this pilot study highlighted an important feature concerning the rehabilitation of FOG in patients with PD. We found that a physical therapy program combining action observation with repetitive practice of the observed actions provided a significant decrease of FOG episodes over time, over and above that of practice alone. FOG is a frequent, unique, and troublesome symptom in PD. The mechanisms responsible for FOG are still poorly understood. 23 Abnormal temporal parameters of gait (stride length variability and cadence) have been identified as cardinal features possibly related to dysfunctional frontal lobebasal ganglia connections. Patients with PD and FOG do not lose the ability to generate a normal stepping pattern, but they experience difficulty in activating the motor control system and modulating gait parameters in response to environmental or task-dependent requirements. 24 In fact, FOG typically occurs during shifting of attention or a circumstantial directional change. FOG responds poorly to pharmacological treatment, but it is well known that focused attention and external stimuli can help these patients overcome the FOG episode. Previous studies suggested the effectiveness of sensory cues in the rehabilitation of gait disorders in PD, 25, 26 and this strategy is often used in clinical practice to improve FOG episodes. However, a recent review 7 pointed out that the scientific evidence on the effectiveness of cueing to alleviate FOG is still limited. Moreover, FOG is an episodic feature, whereas cueing is applied in a continuous fashion, limiting its use in daily life. In addition, cued training may induce cue dependence. Teaching motor strategies without cues to overcome or prevent FOG is an alternative rehabilitation approach, relying more on appropriate allocation of attention. Given the cognitive load that is inherent to the self-generation of motor strategies, we aimed to aid this learning process by using action observation.
Our results revealed a significantly larger and longerlasting improvement in FOG for patients allocated to "observation plus physical training strategy" (Action group) compared with control patients allocated only to a "physical training strategy" (Landscape group).This effect cannot be ascribed to the physical therapy intervention because the is reported separately for the conditions start walking, turn, and obstacles in panels B to D, respectively. Statistical analysis showed that the number of freezing episodes was significantly reduced only in the Action group, particularly in the start walking and turning conditions matched control group of PD patients performed the same motor exercises but without the action observation component. The result seems robust because it is confirmed by both the FOG-questionnaire and the FOG-diary. Measurement of FOG is difficult because of the unpredictability of the phenomenon. 1 Therefore, this study made use of a combined methodology. Analysis of the FOG diary showed a significant decrease in FOG episodes in the experimental group during the conditions start walking and turn. This improvement was maintained until the follow-up examination 4 weeks after the end of the treatment and suggests that the learning effects were retained and generalized to FOG in daily life. In contrast, in the obstacles condition, the effect was less evident, and the improvements disappeared 2 weeks after training had stopped ( Figure 2D ). This latter finding may point to the fact that action observation is less effective when applied to learning how to deal with more complex situations, such as obstacle negotiation. Also, obstacle negotiation as presented in the present video clips may not have represented the various circumstances in which this skill is needed in daily life and, therefore, the learning process did not generalize. Future development of action observation tools must take this into consideration.
In humans, the observation of actions activates neural circuits similar to those involved in action planning and execution. 27, 28 These neural circuits constitute the mirror neuron system that maps the sensory signals of action observation onto the same neuronal substrate involved in motor programming and execution of what had been observed. 13, [29] [30] [31] In particular, the mirror neuron system is active during the observation of actions belonging to the motor repertoire of the observer, whereas the system is relatively quiescent when the observed actions are not represented in the observer's brain. 32 Recent studies 33,34 demonstrated a stronger activation of the mirror neuron system when the observed actions represent everyday life acts performed by the observer. In addition, action observation plays an important role in imitation and learning 15 as well as in acquiring new motor skills, even in elderly individuals who appear to have a reduced ability to acquire new motor memory traces. 35 The results of this pilot study suggest that the observation of specific actions belonging to participants' motor repertoire and linked to gait performance can provide an additional improvement in walking ability in patients with PD. This benefit is probably transient, although its persistence for up to 4 weeks is compatible with a retention effect. A similar positive impact of combining physical therapy and action observation was documented for the upper-limb function of stroke patients. 9 Therefore, we postulate that action observation, through activation of the mirror neuron system, is able to reactivate stored motor programs concerning walking ability, which can be used for facilitating recovery of defective motor control. Given our results, the core of the mirror neuron system, that is, the inferior frontal gyrus (encoding the kinematical description of movement) 30 and the inferior parietal lobule (encoding the goal/ object description) 31 are not specifically affected by PD, at least in our sample. Future studies need to address whether all aspects of the action observation network are intact in PD over time.
In conclusion, the combination of action observation followed by training in action programs offers an innovative rehabilitation approach for FOG and perhaps for other motor problems in PD. The optimal treatment regimen (specific content and duration of video clips, number of weekly sessions) and the long-term benefits need to be investigated in future studies.
